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[57] ABSTRACT 

A. semico nductor laser having a double hetero junction 
structure Including: an active"layferrcladding-tayers-includ - 
ing an upper layer and a lower layer, the claddin g layers 
sandwiching the, active la Yjgc; ^Dd^a.cu rignt.bd6(;£iagnayer 
including a stripe recess for acting as a cunent passage. The 
current blockin g la yer is provided within at least oneof t he 
cladding la yers. The_fiuiTent^b.lpcldng^layer_cornpris« 
plurality of layers, atjeast one layer of the layers havin g^ 
s ht therein extendin g transv erse l y to the stri pe recess. 

7 Claims, 10 Drawing Sheets 
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FIG. Ka) 
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FIG. 2(a) 



FIG. 2(b) 



FIG. 2(c) 
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FIG. 3(e2) 
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FIG. 5 
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FIG. 7 
PRIOR ART 
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FIG. 8 
PRIOR ART 
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SEMICONDUCTOR LASER AND stripe shape having a width W and absorbs light produced in 

MANUFACTURING METHOD THEREFOR the active layer so that the complex refractive index is 

different between inside and outside of the stripe active area. 

BACKGROUND OF THE INVENTION This allows a light wave to be confined in the lateral plane 

The present invention relates to a semiconductor laser and 5 and guided steadily in the stripe active area of width W. 

more particularly, a high-power semiconductor laser As compared with the semiconductor laser with the 

employed as a light source for a pickup in an optical disk absorption loss associated refractive index waveguide 

drive for writing and reading of data on a minidisk, photo- structure, shown in FIG. 7, where the current layer is made 

magnetic disk, CD-R, or the like. of GaAs, another refractive index waveguide structure hav- 

High-power semiconductor lasers have been developed ^° ing the current blocking layer made of AlGaAs is also 

for producing an output power of more than 30 mW (or over known (Proceeding 17a- V-1 of 1992 Applied Physics Con- 

40 mW for CD-R) and used as light sources in disk drives vention (Autumn) in Japan). Shown in FIG. 10 are an 

for minidisks, photomagnetic disks, or CD-Rs. In each case, n-GaAs substrate 1, an n-AL^Gaj,^ cladding layer 2, an 

a high intensity of light output is needed for carrying out a Al^Ga^.y^s active layer 3, a first p-Al^Gai_^ cladding 

data writing action while a low output power is sufficient for layer 4, an n-Al^Gaj.^ current blocking layer Sa (z^x), a 

executing a data reading action. second p-Al^Ga^.^ cladding layer 6, a p-GaAs contact 

Such high-power semiconductor lasers should provide ^^X^^ 7, ^nd two, upper and lower, electrodes 8, 9. The mixed 

substantial characteristics including (1) single lateral mode ^"^^^^ ^ ^ ^V^^ ^'^^^^'^ current blocking 

osculation prior to emission of a high output power, (2) low ^^V^' ^ g^^^^^^ ^j"^}^^ mixed crystal factor x of Al m the 

astigmatic difference, (3) low ellipticity, (4) low noise, and ^° ^^^^^^^8 2, 4 and 6 so that its refractive index is lower 

(5) high operational reliabihty. ^^an that of the stnpe recess. A difference m the refractive 

V. • 1 . 1- V • 1 1 1 J -11 • index causes a Ught wave to be confined to the stripe as 

For implementation of (1) single lateral mode oscillation ,^ absorption loss caused by the 

prior to emission of a high output power, a refractive index y^,^ j ^^^.^^ oscillation will be 

waveguide structure is employed where a wave .s ^5 i„,pien,ented v^lh efficiency for producing a higher output 

confined m parallel to an active layer (referred to as in a ^^^^^ J^^^ ^ 3,^ ^^^.^^ ^ 

lateral plane hereinafter). Also, a g^un waveguide type of the ^ i^^^^^ to x of the cladding layer, the refractive index 

semiconductor laser having no difference of the index of J^^^^^^ j^,^^^, ^^^^^^^ 

refraction on the lateral plane may be used. Although ^^^^ ,^ self-excited oscillation, 

ongitudinal inult. mode "^•H^^on/n waveguide ^^^^j; j (b/semiconductor laser with the foregoing 

type allows a lower opUcal feedback noise, U creates a high ^^^^^^^ ^.^^^ ^j^^ ^^^^^^^^ ^^.^ ^S^^ 

astigmatic difference. In addition, it fails to confine light in n * * i -j n. uv c -mncnn /mnow 

Y * t 1 ** • *u 1 * 1 J 11 u * ui Patent Laid-open Publication 5-160503 (1993)). 

the lateral plane, action in the lateral mode will be unstable ^ \ // 

causing a kink. The semiconductor laser having the refrac- general, the refractive index waveguide type semicon- 

tive index waveguide structure performs multiplexing in the 35 ^"^^0^ l^^er is directed to produce single longitudinal mode 

longitudinal mode by superimposing a high frequency cur- oscillation thus being high m the coherency. Hence, the 

rent of several hundreds megahertzes over a laser driving optical feedback noise wiU be unavoidable failing to satisfy 

current in order to attenuate coherent radiation and thus, the requirement (4) of low noise. More specificaUy, when the 

lower the optical feedback noise. However, this requires a ^^^^ ° ^^S^t reflected on a disk comes into the semiconductor 

high frequency superimposing circuit in addition to a basic 4. l^^er, it causes the laser oscillation to be unstable. Such an 

semiconductor laser driving circuit, thus increasing the optical feedback noise is not negligible m the readmg of data 

overall size, the consumption of power, and the production it may cause data reading error 

cost. Also, it is likely to generate a high frequency electro- It is a good idea for minimizing the refractive index 

magnetic noise which may give serious damage to a relevant difference in the lateral plane in the structure shown in FIG. 

machine such as a computer. 45 7 to increase the thickness of the first p-AI^Gai_^ cladding 

It is also known to use a self-excited oscillation technique layer 4. However, the increased thickness allows the injec- 

for shifting the longitudinal mode to the multi mode in the tion current to be hardly applied in a width W to the active 

refractive index wavelength type of the semiconductor laser layer. Consequently, the structure wiU be declined in the 

without performing the high frequency superimposing. The characteristics, e.g. a threshold oscillation is increased. The 

self-excited oscillation in the refractive index waveguide 50 l^Sht escaped from the stripe is absorbed in the n-GaAs 

structure is implemented by decreasing the fraction index current blocking layer 5 and the self-excited oscillation will 

difference in the lateral plane (See "Semiconductor layer" by hardly be commenced. It is thus unfavorable to fabricate a 

Ryoichi Ilo et al, p. 121, Baifiikan,.1989). When the refrac- high-power self-excited laser from the structure shown in 

tive index difference in the lateral plane is decreased, light 7- Such high-power self-excited lasers may be fabri- 

runs off laterally and out-of-stripe regions of the active layer 55 «^ated but with very low productivity and their mass produc- 

which remain deenergized with no current being applied act ^^^^ never be practical. 

as saturable absorption areas. When the refractive index difference type waveguide 

FIG. 7 illustrates an example of the semiconductor laser structure shown in FIG. 8 is decreased in the refractive index 

having a known refractive index waveguide structure. As difference in the lateral plane, it may be similar in the 

shown, there are provided a GaAs substrate 1 of n-type 60 characteristics to a gain waveguide type semiconductor 

(expressed by n -hereinafter), an n-Al^Ga^.^ cladding laser. In particular, the astigmatic difference will be highly 

layer 2, an Al^Ga^^As active layer 3,\ first Al^Ga^^ increased during irradiation of a low output. Also, the 

cladding layer 4 of p-type (expressed by p-hereinafter), an pattern of light emission extending in the lateral plane may 

n-GaAs current blocking layer 5b, a second p-Al^Galj.^ be varied depending on an intensity of output power, 

cladding layer 6, a p-GaAs contact layer 7, and two, upper 65 Although the above mentioned structure is also high in the 

and lower, electrodes 8, 9. The n-GaAs current blocking slope eflBciency (a ratio between output power and injection 

layer Sb confines an injection current in an active area of a current) which is substantial for optimum oscillation thus 
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minimizing an operating current, noise from its power (g) removing the oxidation preventing layer^Jheetchmg 

source causes the output power to be fluctuated. This may stop layer exposed during the etchin g of fonmne"the Str ipe 

result in generation of critical noise or internal fracture by recess, and the second current blocking layer exposed duri ng 

excessive emission of light. t^Gj& lcbiDgjaf fonnin gLt be-slit by thermal etching in whic h 

5 molecular.b.c a ms are irradiat ed and high-temperature heafis 
SUMMARY OF THE INVENTION ^appUed: and""" " " - — ^ 

It is an object of the present invention to provide a (h) growing further in a sequence a second upper cladding 

low-noise semiconductor laser capable of producing a high layer of the second conductive type AL^Gaj.^ and a 

power of light output and arranged for use in a read/write contact layer of the second conductive type GaAs. 

pickup device provided with no high-frequency superim- It is noted that the first conductive type and second 

posing circuit. conductive type represent n-type and p-type respectively or 

It is another object of the present invention to provide a vice versa. If the first conductive type is n-type, the second 

method for producing a semiconductor laser which produces conductive type represents p-type. If the first conductive 

a high power of light output with a low noise. type is p-type, the second conductive type then represents 

A semiconductor laser according to the present invention n-type. 

has a double hcrero junction structure in which at least one For making a semiconductor laser with higher precision, 

of two, upper and lower, cladding layers sandwiching from the step of etching both the oxidation and evaporation 

upper and lower an active layer is associated with a current preventing layers partially for forming a slit and the step of 

blocking layer which has a stripe recess provided therein for etching the oxidation preventing layer, the evaporation pre- 

acting as a current passage. In particular, the current block- venting layer, the second current blocking layer, and the first 

ing layer comprises a plurality of layers, at least one of current blocking layer to form the stripe recess are imple- 

which layers having a slit therein extending tranversely or mcnted by dry etching technique. 

laterally to the stripe recess acting as the current passage. A further method for producing a semiconductor laser 

It is more advantageous in control of the laser absorption ^5 according to the present invention comprises the steps of: 

effect when the layers of the current blocking layer include (i) growing on a semiconductor substrate in a sequence at 

a layer greater in a forbidden band gap than the active layer least a lower cladding layer, an active layer, a first upper 

and a layer equal to or smaller than the active layer and also, cladding layer, a second upper cladding layer, and a cap 

the slit is arranged in the latter layer equal to or smaller in layer; 

another forbidden band gap than the active layer. 3^ (j) forming a stripe-shaped masking on the cap layer; 

Preferably, the foregoing semiconductor laser is installed (k) etching the cap layer and the stripe-shaped masking; 

in an optical pickup system as a light source for writing and • ^ ^^^^^^ ^ ^ ^ ^ 

readmg of records, whereby a high-frequency supenmpos- ^ g^^^ ^^^^^ ^^^^ j ^ 3^^^^^ 

mg circuit wiU be eliminated. j^^^^j^g j^^^^. 

A method for producing a semiconductor la^r according 35 r^. ^^^^^ selectively a part of the second current 

to the present invention comprises the steps of: blocking layer to form a slit which extends across the 

(a) growing on a semiconductor substrate in a sequence at stripe -shaped masking; 

least a lower cladding layer, an active layer, a first upper removing the stripe-shaped masking; and 

cladding layer, a first current blocking layer, and a second . . • ^i. .i.- j 1 jj- 1 ^ 

current blockin la er* » ^ » (o) growmg further a third upper claddmg layer and a 

, . f . ! ^ , contact layer. 

(b) etching both the first current blocking layer and „ , / . . , ... .1. j r .1. * 

j * LI 1 • 1 . c *i. * • f For dctcrm inmg and controlling the depth 01 the etching 

second current blocking layer to form the stnpe recess for a ^ — rr-r — r i. - — : T : ■ . w 

current passage and then etching the second current blocking at a higher accuracy, an etching sto p layer is provid ed 

layer to form the sUt; and between me nist upper ciaaomK lay er ana secona up per 
, V . ^ , . , . , 45 claddmg layer grown at the (1) step. 

(c) growing further in a sequence a second upper cladding — ts ^3 — 1 i ^ — 1" ^ -^i 

\ A t t \ producmg a semiconductor laser which produces an 

layer and a contact layer. ^^^^^ ^^^p^^ ^ frequency suited for use with an optical 

Another method for producing a semiconductor laser pickup device, the semiconductor substrate is formed of the 

accordmg to the present invention comprises the steps of: conductive type GaAs, the lower cladding layer is 

(d) growing on a semiconductor substrate of a first jq formed of the first conductive type Al^Gaj.^ (where 
conductive type GaAs in a sequence a lower cladding layer 0.3^x^0.9), t he active layer is formed of ASyGa^^yAs 

of a first conductive type Al^^Ga^.^ (where 0.3iY^0.9), (where 0^v<oT3. \<x). t he etching stop layer is tormeTof — 

an active layer of Al^Ga^.y^ls (where O^Y^O.3 and y<x), the second conductive type AL.Ga. . Asiwhere O.lgvgO.7. 

a first upper cladding layer of the second conductive type ^nd y<;y\ the. sernnH nppey plaf^dinf^ lav^r fafpifi^^ of the 

Al^Gaj_;,As, a n etching stop layer GaA s- a first current ^5 ^^-^igiliirnri^"^^ ^ *yr^ V^L( lAi^A'5i-t.bfi,Ciap,lay^r„ j5t.for.ni£d_ 

blocking layer of a first conductive type Al/oai.^ (where of the sccond-CQnductLve_tv.pe__GaAs.-tlie-Stri pe,-shaped 

0.3^z^0.9 and x^z), a second current blocking layer of the m;<Rkirig js an insiilafing layer, the first purrcnt b locking 

first conductive type GaAs, an evaporation preventing layer ^ Fayer of the first conductive type Al,Ga,_^ (wher e 

of Al^Gaj_^ (where a05^w^o,9), and an oxidation djgZgO.g^and xgz^ . thc secoDd.c urrcntJ^lQcking laycTis 

preventing layer of GaAs; ^6rl5ea'of the first conductive type GaAs. the third upper 

(e) etching both the oxidation and evaporation preventing chddin ^ayer is fo rm ed of the second conductive type 
layers partially to form a slit which extends across a stripe Al^Ga7_xAs, and the contact layer is formed of the second 
recess acting as a current passage; conductive type GaAs. 

(Q etching the oxidation preventing layer, the evaporation In the semiconductor laser of the present invention, the 

preventing layer, the second current blocking layer, and the 65 region where the second cunent blocking layer is absent 

first current blocking layer, until t he etching stop laver is from a gain waveguide with no refractive index difference in 

exposed, to form the stripe recess; the lateral plane or a refractive index waveguide with a weak 
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refractive index difference in the same plane. Meanwhile, in upper cladding layer 4 of p-Al;^Gaj_^ (for example, 

the region where the second current blocking layer is x-0.6), a first current blocking layer 5a of n-Al^Ga^,^ 

present, light energy is trapped as a complex refractive index (where 0.3^z^0.9, x^z or more precisely, z«0.63), a 

difference due to the absorption loss in the current blocking second current blocking layer Sb of n-GaAs, a second upper 

layer is dominant. In other words, two different functions. 5 cladding layer 6 of p-Al^Gai_^ (for example, x=0.6) a 

one for performing self-excited oscillation in a vertical p-GaAscomact layer?, and two, upper and lower, electrodes 

multi-mode during emission of a high power output at less 9. L is the resonator length and M is a part of L 

absorption loss and the other for performing stable lateral representing the distance of a sht provided in the place 

mode oscillation with a great refractive index difference in between the n-GaAs second current bloclang layer 5^^ As 

, , , , , "... i-a: the mixed crystal factor of Al IS increased, the size 01 each 

the lateral plane while minimizing the astigmatic difference 10 ^^^^-^^^^ ^and gap increases. When it is decreased, each 

are operable m a smgle structure. Accordmgly, the semicon- fo.bjdden band gap will decrease. AUo, the current blocking 

ductor laser of the present mvenUon offers the advantages of ^^^^^ ^ ^ non -absorption layer which absorbs no light of the 

the two functions in a combination. ^^^^^^ j^yej. 3 ^^en the forbidden band gap is larger than that 

Also, the slit can easily be provided by the method in of the active layer 3. On the contrary, the current blocking 

which after the current blocking layers are grown, the stripe 15 layer is ahginrptinn layer when the forbidden band gap is 

recess and the slit are formed in the current blocking layers equal to or smaller tha p that nf the ac^v^ layer 3. As shown, 

before growing the second upper cladding layer. While the the lirst cunent blocking layer 5a is a non-absorption layer 

semiconductor layers are made of AlGaAs material, the while the second current blocking layer Sb is an absorption 

etching stop layer and the evaporation preventing layer are layer. The semiconductor laser of the present invention has 

formed of GaAs. This allows the etching stop layer and 20 at least two current blocking layers, one for an absorption 

evaporation preventing layer to be readily removed by layer and the other for a non-absorption layer, 

evaporation in an MBE apparatus after the etching process. The second current blocking layer Sb is provided with a 

thus maintaining the following step of growing further slit M for acting as the hght absorption layer. As best shown 

semiconductor layers under a clean atmosphere. if '''^^ sectional view of FIG l{b) taken along the line 

; , , ,c / ' ' 25 A — ^A across the slit M, the second current blocking layer So 

Accordmg to the other method for producing a semicon- ^jiich is iUustrated in RG. 1(a) is not present, 
ductor laser, after the upper cladding layer is grown for ^^^^^ ^^^^ absorption of the second current 
producing a current injection area, the current blocking layer blocking layer Sb to be avoided, thus forming a gain type 
is formed so that it locates on both sides of the upper waveguide structure which has no refractive index differ- 
cladding layer and thus, no etching process is applied during ence in the lateral plane at z=x. If z is slightly greater than 
growing the semiconductor layer of the current injection x, the structure turns to a refractive index waveguide type 
area. As the result, the semiconductor of multi-layer struc- which has a small difference in the index waveguide struc- 
ture will be fabricated under a highly clean atmosphere. ture produces self-excided oscillation as described previ- 
ously. More particularly, the slit M allows vertical multi- 
BRIEF DESCRIPTION OF THE DRAWINGS mode oscillation. In addition, the slit M gives no absorption 

. loss and is advantageous for producing a high power output. 

FIGS. 1(a) and 1(b) dlustrate a structure of a semicon- ^^^^^ ^^^^ ^^^^ refractive index 

ductor laser according to the present invention; ^^^^^^ j^j^^^j pi^^e ^ largely affected by a complex 

FIGS. 2(a) to 2(e) show steps of producmg another refractive index difference caused by the absorption loss of 

semiconductor laser of the present invention; the second n-GaAs current blocking layer 56 when the 

FIGS. 3(62) and 3(e2) are cross sectional views taken mixed crystal factor z of Al is equal to or greater than x. 

along the lines B — B and C — C of FIGS. 2(6) and 2(e) Accordingly, the refractive index difference in the lateral 

respectively; plane across the area is increased enough to ensure stable 

FIGS. 4(a) to 4(0 show steps of producing a further l^'^"' osciUation and smaUer astigmatic difference, 

semiconductor laser of the present invention; . ^ Ascribed, the serniconductor laser of the present 
^ . , , ...T^T^^5 invention has in a combination advantages 01 both the 

f?rr 4^"''°^^^'^^^ ^'^"^ '"^'"^''^^ '"'^^ waveguide structure which provides no 

or 4(f;, absorption loss and the complex refractive index waveguide 

FIG. 6 is a diagram showing characteristics of a semi- structure which produces absorption loss and will thus 

conductor laser produced in Example 2; overcome the disadvantage of the prior art. Also, the struc- 

FIG. 7 illustrates a structure of a prior art semiconductor 50 ture of the present invention is modulated by varying the 

laser; and design parameters so that one of three major characteristics, 

FIG. 8 illustrates a structure of another prior art semicon- vertical multi-mode oscillation, low astigmatic difference, 

ductor laser. ^iid high power output, is emphasized. For example, if the 

vertical multi-mode oscillation is most desired, the ratio of 

DETAILED DESCRIPTION OF THE 55 the slit distance M to the resonator length L is increased. If 

INVENTION the astigmatic difference is emphasized, the mixed crystal 

, . . factorzofAl is increased. Although the n- and p-type layers 

Asemioonchictorlaseraccordin^^ are developed on the n-type substrate in the above 

wUl be descnbed referring to FIGS. 1(^) and 1(6). description, they may be inverted in the type. This is also 

FIG. 1(a) illustrates a schematic chip structure of the eo appUcable to a method which will follow, 

semiconductor laser of the present invention where longi- g^^^ examples of the method of producing the semicon- 

tudinal edges are exposed and FIG 1(b) is a cross sectional ^^^^^^ j^^^^ ^^e present invention will not be described, 
view taken along the hne A — ^A of FIG. 1(a). 

As shown in FIG. 1(a), there are provided an n-GaAs EXAMPLE 1 

substrate 1, a lower cladding layer 2 of n-Al^Ga^,^ (where 65 FIGS. 2(fl) to 2(e) and 3(62) to 2(e2) show an exemplary 

0.3^x^0.9 or more precisely, x-0.6), an AlyGa^.^As active procedure of producing the semiconductor laser of the 

layer 3 (where O^y^O.3 or more specifically, y-0.12), a first present invention. 
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The procedure starts with placement of an n-GaAs sub- 
strate 1 in an MBE or MOCVD apparatus. Then, the n-GaAs 
substrate 1 is subjected to a molecular beam epitaxy method 
for growing thereon in a sequence a lower cladding layer 2 
of n-Al^Ga^ .j^As, an AlyGaj__^, an etching stop layer lOa 
of n-GaAs, a first current blocking layer 5a of n-Al^Ga^.^^As 
(where z^x), a second current blocking layer 56 of n-GaAs, 
an evaporation protective layer 11 of n-Al^Ga^.^^As (where 
0.05^w^0.9 or more precisely, w=0.12), and a GaAs 
protective layer 12, thus forming a first muhi-layer growth 
structure 13 as shown in FIG. 2(a). The n-GaAs etching stop 
layer 10a is provided for protecting the first upper cladding 
layer 4 during the etching to the first cunent blocking layer 
5fl. In practice, it remains outside the stripe and beneath the 
first current blocking layer 5a and is designed to have a 
thickness of less than 200 angstroms for minimizing the 
absorption loss. 

After the first multi-layer growth structure .13 is removed 
out from the MBE or MOCVD apparatus, a slit 14 having a 
width of M is formed by a photolithography technique in the 
upper surface of the first multi-layer growth structure 13 as 
shown in FIG, 2(b). More particularly, a definite etchant or 
etching liquid such as sulfuric acid solvent is applied to 
remove parts of the GaAs protective layer 12 and the 
n-Al^Ga^_,,As evaporation protective layer 11 until the 
second n-GaAs current blocking layer 5b is slightly etched, 
thus forming the slit 14. The depth of the slit 14 is not 
critical. A cross section taken along the line B — B of FIG. 
2(b) is illustrated in FIG. 4(62). 

Then, a stripe recess 15 having a width of W is formed in 
the same surface so that it extends laterally angle to the slit 
14, as shown in FIG. 2(c). More specifically, an etching 
Uquid of sulfuric acid solution is first used for etching the 
GaAs protective layer 12 and the n-Al^Ga^^^^As evapora- 
tion protective layer 11. This is followed by selective etching 
the second n-GaAs current blocking layer Sb with a GaAs 
etchant such as ammonia solvent. Also, a liquid of hydro- 
chloric acid at 60° C. is applied for etching the first 
n-AI^jGa^.^^ current blocking layer 5a. As the hydrochloric 
acid is not effective to etch the GaAs material, its etching 
action is ceased when the n-GaAs etching stop layer lOa is 
exposed at the bottom of the stripe recess 15. The n-GaAs 
etching stop layer lOa acts as a layer for terminating the 
etching effect. 

Succeedingly, the first multi-layer growth structure 13 is 
placed again in the MBE apparatus and exposed to arsenic 
molecular beams for heating up to 740° C. the GaAs 
protective layer 12 with the slit 14 formed at a step shown 
in FIG. 2(b) and the stripe recess 15 formed at a step shown 
in FIG. 2(c). As the result, the GaAs protective layer 12, a 
portion of the second n-GaAs current blocking layer 5b 
exposed at the bottom of the sfit 14, and a portion of the 
n-GaAs etching stop layer 10a exposed at the bottom of the 
stripe recess 15 are evaporated. While the heating tempera- 
ture is increased, the GaAs material starts evaporating but 
the Al^Ga^.,^ and Al^Gai__jAs materials remain intact. 
This process is thus applicable for etching the GaAs material 
effectively. The thermal etching process can be executed in 
any MBE apparatus but not in an MOCVD apparatus. 

While the multi-layer growth structure 13 being placed in 
the MBE apparatus (without removed out from the MBE 
apparatus after completion of the thermal etching process), 
an second upper cladding layer 6 of p-Al^Ga^.^^ and a 
contact layer 7 of p-GaAs are grown in a sequence on the 
structure 13, The result is shown in FIG. 2(e) and FIG, 3(e2) 
is a cross sectional view taken along the line C — C of FIG. 
2(e). As apparent, the second n-GaAs cunent blocking layer 
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5b is absent in the cross section. The n-GaAs etching stop 
layer 10a beneath the first n-Al^Gaj.,^ current blocking 
layer 5a is as thin as less than 200 angstroms and its light 
absorbing effect will be negligible. In other words, the 
5 semiconductor laser structure allows the absorption loss type 
waveguide to be eliminated across the width M of the slit 14 
there the mixed crystal factor z of Al in the first 
n-Al^Ga^.^As current blocking layer 5a only is dominant. 

Finally, the rear surface of the semiconductor of multi- 
10 layer structure is subjected to lapping of a given thickness 
and electrodes are arranged on both the lower surface of the 
n-GaAs substrate 1 and the upper surface of the p-GaAs 
contact layer 7. The multi -layer structure is then sliced to 
semiconductor laser chips. 

According to the method of the present invention, the 
n-GaAs etching stop layer 10a acts not only as a layer for 
terminating the etching effect but also, as a passivation layeT 
for preventing ,Q^i4a^ pn_of the first p -Al^a,_^ As upp er 
cladding layer 4 in the ai r. Also, the thermal etching process 
in a highly vacuum MBE apparatus is einployed^ for selpc ^^ 
tive removal of unwanted GaAs m aterials, the stri pe reces s 
15-.can accu rately, be formed to a 5esirebliepttrwithout the 
first upper claddin £j|a.yeiLJLJbei]ng_fij^ 
Simultaneously, the slit 14 is formed by thermally etchi ng 
25 t he second n-GaAs current blocking layer 5^ while ttie tifs t 
n^Al^Ga, cu ) piiit,blQcki n£ia yeL5a-temai iisjm_alteQt^^^ 
Accordingly, the semiconductor lasers of quality will be 
fabricated at a higher yield rate perproduction. 

In Example 1, the AlGaAs materials are used for forming 
the etching stop and oxidation preventing layers which are 
etched before subjected to the thermal etching in an MBE 
apparatus to form the stripe recess. If the thermal etching is 
not wanted or other appropriate semiconductor materials 
such as AlGalnP are used, and or combination of the etching 
stop, oxidation preventing, the other protective layers may 
be eliminated. Those layers are not limited to the n-type but 
p-type is applicable with equal success. 

EXAMPLE 2 

40 

Another example of the method of making the semicon- 
ductor laser of the present invention will be explained 
referring to FIGS. 4(a) to 4(f), 
An n-GaAs substrate 1 is first placed in an MBE or 

45 MOCVD apparatus and then, subjected to a molecular beam 
epitaxy method for growing thereon in a sequence a lower 
cladding layer 2 of n-Al^Ga^.^^, an Al^Ga^.^Vs active 
layer 3, a first upper cladding layer 4 of p-Alj^Ga^.;^, an 
etching stop layer 10b of p-AlyGa^_yAs (where 0.1^v^0,7 

50 and v<<x), a second upper cladding layer 6 of 
p-Al^Ga^.^^As, and a cap layer 16 of p-GaAs, thus forming 
a first multi-layer growth structure 17 as shown in FIG. 4(a). 

After the first multi-layer growth structure 17 is removed 
out from the MBE or MOCVD apparatus, an insulating layer 

55 18 of Si3N4 is arranged to a stripe shape as shown in FIG. 
4(fe), using a CVC apparatus. 

While the Si^N^ insulating layer 18 acts as a masking, 
both the cap layer 16 of p-GaAs and the second upper 
cladding layer 6 of p-Alj^Ga^.j^As are etched as shown in 

60 FIG. 4(c). For etching the p-GaAs cap layer 16, a selective 
etchant such as sulfuric acid solvent or ammonia solvent 
capable of etching only GaAs materials is used. For etching 
the second p-Al^Ga^J^ upper cladding layer 6, another 
definite etchant such as hydrochloric acid or fluoric acid 

65 etching speed of which may be controlled by varying the 
mixed crystal factor of Al is used. In this example, the mixed 
crystal factor v of Al is minimized to 0.2 as smaller than x 
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(-0.6) thus allowing the p-Al^Ga^.^ etching stop layer 
106 to determine the depth of etching action. 

Then, the first multi-layer growth structure 17 is placed 
again in the MOCVD apparatus for growing thereon off the 
Si3N4 insulating layer 18 in a sequence a first current 
blocldng layer 5a of n-Al^Ga;i__^ and a second current 
blocking layer Sb of n-GaAs, thus forming a second multi- 
layer growth structure 19 shown in FIG. 4(^0. The MOCVD 
method is preferred since the growing of selective layers is 
feasible by optimizing some of conditions. 

After the second multi-layer growth structure 19 is 
removed out from the MOCVD apparatus, a stripe recess 
having a width of M is formed in the second n-GaAs current 
blocking layer 5b so that it extends at a right angle to the 
SijN^ insulating layer 18, as shown in FIG. 4(e). This is 
implemented by using an ammonia etchant which removes 
GaAs materials selectively. 

Following the removal of the Si3N4 insulating layer 18, a 
third upper cladding layer 20 of p-Al^Gaj.^ and a contact 
layer 7 of p-GaAs are grown in a sequence on the structure 
19 using an MBE or MOCVD apparatus, as shown in FIG. 
4(f). The result is shown in a ctoss sectional view of FIG. 5 
taken along the fine D — D of FIG. 4(f). As apparent, the 
second current blocking layer 5b is absent in the cross 
section. The semiconductor laser structure allows the 
absorption loss type waveguide to be eliminated across the 
width M of the recess so that the mixed crystal factor z of 
Al in the first n-Al^Ga^__^ cxurent blocking layer 5a only 
is dominant in the recess area. 

Finally, the rear surface of the semiconductor multi-layer 
structure 19 is subjected to lapping of a given thickness and 
electrodes are arranged on both the lower surface of the 
n-GaAs substrate 1 and the upper surface of the p-GaAs 
substrate 1 and the upper surface of the p-GaAs contact layer 
7. The multi-layer structure is then shced to semiconductor 
laser chips. 

According to the method of Example like Example 1, the 
Al^Gaj_;yAs upper cladding layer has at its current injecting 
area no regrowing interface. This allows Example 2 to be 
higher in the operational reUability than Example 1 but 
slenderly less in the simpHcity of production steps. 

The insulating layer 18 is not limited to Si3N4 material but 
other appropriate masking materials including SiOj may be 
used with equal success. 

In either of the examples, the distance M of the resonator 
extension is free from the second n-GaAs current blocking 
layer and provides an optical waveguide effect controlled by 
the first n-AljGa^_^ current blocking layer. As the action 
of the second n-GaAs current blocking layer is effective in 
the other area than the recess of M, a light wave is guided 
by the action of absorption loss induced by the GaAs 
material across the semiconductor structure which embodies 
the primary object of the present invention. 

The etching process in both Examples 1 and 2 is not 
Umited to a wet etching but a dry etching will be employed 
with equal success. It is good idea for forming the stripe 
recess 15 in Example 1 to use a reactive ion beam etching 
technique rather than a pluraUty of the described selective 
etching steps since a target to be etched can be monitored 
during the etching action in a vacuum and increased in the 
efficiency of operation. 

FIG. 6 is a diagram showing the relation of a visibifity (7), 
an astigmatic difference, and a kink (a power output with an 
electrical optical characteristic being instable) when the 
width M of the slit 14 in Example 1 is varied to 20, 40, 80, 
and 160 micrometers at 2 mW of the power output, provided 
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that the n-Al^Gaj.,^ lower cladding layer 2 is 20000 
angstroms in thickness, the Al^Ga^.yXs lower cladding layer 
3 is 500 angstroms, the first p-Al^Ga-i_j^ upper cladding 
layer 4 is 500 angstroms, the n-GaAs etching stop layer IQa 

5 is 100 angstroms, the first n-Al^Ga^.^ current blocking 
layer 5a is 1500 angstroms, the second n-GaAs current 
blocking layer 5b is 2000 angstroms, the n-Al^Gaj_,^ 
evaporation protective layer 11 is 700 angstroms, the second 
p-Al^Gaj_;pAs cladding layer 6 is 18000 angstroms, the 

10 p-GaAs contact layer 7 is 16000 angstroms, the mixed 
crystal factors x, y, z, and w of Al are 0.6, 0.12, 0.63 and 0.12 
respectively. The stripe recess 15 is 4 micrometers in width, 
and the resonator length L is 350 micrometers. As apparent 
from the dotted line a, increase of M results in decrease of 

15 r or triggering of the vertical muhi-mode oscillation. Also, as 
expressed by the real line c, the astigmatic difference is 
correspondingly increased but stays under 10 micrometers 
when M is 160 micrometers. Meanwhile, the kink remains 
unchanged as shown by the real line b. This may be 

20 explained by an offset action that when M is increased 
enhancing the effect of the gain waveguide and thus decreas- 
ing the kink, the absorption loss decreases to increase the 
differential efiBciency. 
As set forth above, the semiconductor laser which per- 

25 forms the vertical multi-mode oscillation while maintaining 
a high level of the kink and a small value of the astigmatic 
difference is produced by the method of the present inven- 
tion. 

Most conventional semiconductor lasers of more than 30 
mW of output power for use as a hght source for data write 
action are commonly high in the coherent effect during 
producing as a low output power as 2 mW. Hence, for 
reading the data from an optical disk with the conventional 
semiconductor laser, a high-frequency superimposing circuit 
is needed. The semiconductor laser of the present invention 
is however designed to actuate pickup device with no need 
of the high-frequency superimposing circuit and also to be 
easily fabricated in mass production. 

More specifically, the advantages of the present invention 
are: 

(1) that an improved semiconductor laser is provided 
which performs a stable lateral mode action while maintain- 
ing small astigmatic difference and low noise before cmit- 

45 ting a high power output; 

(2) that the design parameters of a semiconductor laser are 
easily modified for satisfying a variety of application; and 

(3) that a semiconductor laser is provided which forms a 
data readAvrite pickup device of which high-frequency 

50 superimposing circuit is eliminated. 

Though several embodiments of the present invention are 
described above, it is to be understood that the present 
invention is not limited only to the above-mentioned, vari- 
ous changes and modifications may be made in the invention 
without departing from the sprit and scope thereof. 

What is claimed is: 

1. A semiconductor laser having a double helero junction 
structure comprising: 
a lower cladding layer; 

an active layer formed on said lower cladding layer; 

a current blocking layer formed on said active layer, said 
current blocking layer including a) a stripe recess 
acting as a current passage and b) a slit extending 
65 transversely to said stripe recess, said slit having a 
predetermined distance for vertical multi-mode oscil- 
lation and having no absorption loss, said current 
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blocking layer comprising a plurality of layers, at least 
one layer of said plurality of layers absorbing light and 
at least another layer not absorbing light and said at 
least one layer of said plurality of layers including both 
said stripe recess and said slit and said another layer 5 
including only said stripe recess; and 
an upper cladding layer formed on said cunent blocking 
layer. 

2. The semiconductor laser according to claim 1, wherein 
said layers of the current blocking layer include one layer 
having a forbidden band gap greater than said active layer 
and another layer having another forbidden band gap equal 
to or smaller than said active layer and the slit is arranged in 
said another layer. 

3. A semiconductor laser having a double hetero junction 15 
structure comprising: 

an active layer; 

cladding layers comprising an upper layer and a lower 
layer, said cladding layers sandwiching said active 
layer; and 

a current blocking layer comprising a stripe recess acting 
as a current passage, said current blocking layer being 
provided within at least one of said cladding layers; 

wherein said current blocking layer comprises two layers, 25 
a) one layer of said two layers being a non-absorption 
layer which absorbs no light, having a forbidden band 
gap greater than said active layer and including said 
stripe recess and b) another layer of said two layers 
being an absorption layer which absorbs Ught, having 30 
another forbidden band gap equal to or smaller than 
said active layer and including both said stripe recess 
and a slit extending traversely to said stripe recess. 

4. An optical pick up system having a semicondxictor laser 

as a light source for writing and reading of records, includ- 3S 
ing a double hetero junction structure wherein said semi- 
conductor laser comprising: 
a lower cladding layer; 

an active layer formed on said lower cladding layer; 

a current blocking layer formed on said active layer, said 
current blocking layer including a) a stripe recess 
acting as a current passage and b) a slit extending 
transversely to said stripe recess, said slit having a 
predetermined distance for vertical multi-mode oscil- 
lation and having no absorption loss, said current 
blocking layer comprising a plurality of layers, at least 
one layer of said plurality of layers absorbing light and 
at least another layer not absorbing light and said at 
least one layer of said plurality of layers including both 
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said sUt and said stripe recess and said at least another 
layer including only said stripe recess; and 
an upper cladding layer formed on said current blocking 
layer. 

5. The optical pickup system of claim 4, wherein said 
layers of the current blocking layer include one layer having 
forbidden band gap greater than said active layer and 
another layer having another forbidden band gap equal to or 
smaller than said active layer and the slit is arranged in said 
another layer. 

6. An optical pick up system having a semiconductor laser 
as a light source for writing and reading of records, includ- 
ing a double hetero junction structure wherein said semi- 
conductor laser comprising: 

an active layer; 

cladding layers comprising an upper layer and a lower 
layer, said cladding layers sandwiching said active 
layer; and 

a current blocking layer comprising a stripe recess acting 
as a current passage, said current blocking layer being 
provided within at least one of said cladding layers; 

wherein said current blocking layer comprises two layers, 
a) one layer of said two layers being a non-absorption 
layer which absorbs no light, having a forbidden band 
gap greater than said active layer and including said 
stripe recess and b) another layer of said two layers 
being an absorption layer which absorbs light, having 
another forbidden band gap equal to or smaller than 
said active layer and including both said stripe recess 
and a slit extending traversely to said stripe recess. 

7. A semiconductor laser having a double hetero -junction 
structure comprising: 

a lower clad layer; 

an active layer formed on said lower clad layer; 

a current blocking layer formed on said active layer, said 
current blocking layer including a) a stripe recess 
acting as a current passage and b) a slit extending 
transversely to said stripe recess, said current blocking 
layer comprising a plurality of layers, at least one layer 
of said plurality of layers absorbing light and at least 
another layer not absorbing light and said at least one 
layer of said plurality of lasers including both said 
stripe recess and said slit and said another layer includ- 
ing only said stripe recess; and 

an upper cladding layer formed on said current blocking 
layer. 

*i * * * * 
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